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Abstract — In this paper a dual band monopole antenna with omnidirectional radiation pattern
suitable for indoor and outdoor fifth generation (5G) applications at 28 GHz and 60 GHz systems
is developed. The proposed monopole antenna is built up using a microstrip of two rectangular
patches and a T-shaped folded patch. The analysis and optimization processes throughout this
paper are carried out using a High Frequency Surface Structure (HFSS) that uses the Finite
Element Method (FEM) numerical method, and CST Microwave Studio that uses the Finite
Integral Technique (FIT) numerical method. Good agreement between the two methods is
obtained. The bandwidth of the lower and upper bands is about 1.44 GHz (5.1%) and 39.24 GHz
(60.6%), respectively. The antenna directivity is about 2.28 dBi at 28GHz with a total efficiency
of 93% and about 3.414 dBi with a total efficiency of 97.5% at 60GHz.

Index Terms — Dual band, Fifth generation, LMDS, Omnidirectional pattern, WiGig.

I. INTRODUCTION

The exponential growth of telecommunication over the past three decades increases the
amount of data the average person uses exponentially. This growth is more noteworthy
especially with the evolution of wireless communications which requires the development of low
cost, lightweight, and low profile antennas that are capable of maintaining high performance
over a wide bandwidth [1].

The global bandwidth shortage facing wireless carriers has motivated the exploration of the
underutilized millimeter wave (mm-wave) frequency spectrum for future broadband
communication networks [2].

Due to the importance of multiband single feed patch antennas in enormous millimeter wave
applications, various techniques can be found in literature for multiband planar antenna designs
as in [3-16]. For example, multiband microstrip antennas operating at around 35 GHz using
semi-insulating multilayer GaAs is described in [3]. In [4], dual band 24/60 GHz with bandwidth
not exceed 1.2% and gain of -9 dB at the lower band and of 1 dB at the upper band is presented.
A meta-resonator antenna in [5] with two operating frequencies (41 & 52.2) GHz using a pair of
SRRs with 2% bandwidth, 3.76 dB gain, and 71% efficiency is proposed. In [6], two modes are
excited to achieve a dual band (58 & 77) GHz with -2 dB and 0.3 dB gain respectively and
nearly 6% bandwidth at both frequencies. A novel hybrid configuration, using coplanar patches
and a slot in feed line, has been proposed in [8] to achieve dual band response at 83 and 94 GHz.



In this paper, the design and the simulation of a dual band microstrip planar antenna are
presented. The proposed antenna is operating at the 28 GHz (Ka - band) for LMDS which
currently considered for 5G mobile cellular [17], and the 60 GHz (V - band) for Wireless Gigabit
Alliance (WiGig) applications [18].

Il. ANTENNA STRUCTURE AND DESIGN

Fig. 1 shows the proposed monopole antenna structure geometry in perspective and top view.
As noted, the antenna patch consists of a T-folded shape with two rectangular patches with
partial ground plane [19]. The patch mounted on substrate FR4 with a relative dielectric constant
of 4.4. The dimensions of the antenna structure are shown in Fig. 2. The substrate dimension is
W5 by Ls while the partial ground is Ws by Lg. The T-folded shape has dimensions W by L for
the mid and Liop for top and Lroig for folded side. The two rectangular patches have dimensions
W, by L.

The microstrip transmission line feeder dimesion is Ws by Lt. The characteristic parameters
of the microstrip can be found by using the following expressions [20]:
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In the expressions, h represents the substrate height, w represents the transmission line width,
and &, represents the effective dielectric constant.
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Fig.1. Geometry of the proposed dual band antenna a) Perspective view b) Top view.

Fig.2. Antenna structure with dimensions.

1. PARAMETRIC STUDY

The effect of varying antenna dimensions Lroid, Ltop, Lbottom, Lp, Wp, and L are shown in figures 3
to 8. The dimensions of the substrate, ground, and feeder are kept unchanged. With increasing
Lwp of the horizontal part of T-shaped, the lower resonant frequency is decreased with
unchanged bandwidth whereas the upper bandwidth is decreased as shown in Fig. 3. Fig. 4
shows the effect of varying Loottom ON the return loss. As noted from the figure, by increasing the
Lbottom, the lower resonant frequency almost is unchanged whereas the resonant frequency of the
upper band is increased with a little increase in the bandwidth. With increasing the Wp, the upper
and the lower resonant frequencies are almost unchanged as shown in Fig. 5. As the length of
rectangular patch Lp increases, the upper and lower resonant frequency are decreased but the
antenna matching becomes worse. Lower bandwidth increases whereas the upper bandwidth
decreases as shown in Fig. 6. Fig. 7 illustrates the return loss varies with Lsoid. AS Loid inCreases
the lower resonant frequency decreases while upper resonant frequency remains unchanged
whereas the lower bandwidth is not affected, the upper bandwidth is a little decreased as shown



in Fig. 7. With increasing L:, the lower and the upper resonant frequencies are not affected
whereas the upper bandwidth is decreased; the lower bandwidth is unchanged as shown in Fig. 8.
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Fig. 3. Return loss of proposed antenna with varying Liop.
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Fig. 4. Return loss of proposed antenna with varying Lyottom.
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Fig. 5. Return loss of proposed antenna with
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Fig. 8. Return loss of proposed antenna with varying L.
IV. ANTENNA SIMULATION RESULTS

In order to get optimized design dimensions a parametric analysis is carried out to achieve dual
band antenna at 28 GHz and 60 GHz with acceptable performance. The optimized design
dimensions are illustrated in Table 1.

In order to verify our results, the proposed antenna is simulated using two different methods,
FIT (commercial software CST) and FEM (commercial software HFSS). Fig. 9 shows the
reflection coefficient for the proposed antenna using FIT, and FEM. Matching is better in FEM
and there is a small deviation in the upper band between the two methods. It’s noted in Fig. 9
that, the antenna achieve good impedance matching over the dual band and the impedance
bandwidth for S11 <-10 dB in lower band is from 27.52 to 28.96 GHz which covers the LMDS
frequency band while in upper band is from 45.14 to 84.38 GHz which covers the WiGig
frequency band.

The center frequency of the lower band is 28.24 GHz with bandwidth 5.1 % while the center
frequency for the upper band is 64.76 GHz with bandwidth 60.6%. The VSWR using FIT and
FEM is illustrated in Fig. 10 with VSWR < 2 in the antenna upper and lower bandwidths.

The antenna real and imaginary input impedance for the proposed antenna is illustrated in
Fig. 11. It’s noted from Fig. 11 that, the real part of the input impedance is approximately 50 €
at the antenna bandwidth while the reactance part tends to zero.

Table 1: Optimized dimensions of the proposed antenna in mm.

Parameter | Value | Parameter | Value
Ws 1.6 W, 0.3
Ls 2.9 Lp 0.7
Lg 1.3 Wi 0.1
Wi 0.2 Lt 1.2
Ly 1.4 Ltop 1.2
Lfold 0.3 Lbottom 1.4
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Fig. 9. Return loss Si1 of the proposed antenna using FIT and FEM.
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Fig. 10. VSWR of proposed antenna using FIT and FEM.
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Fig. 11. The real and imaginary part of input impedance for the proposed antenna.



Fig. 12 shows the omnidirectional pattern at 28 and 60 GHz. Fig. 12 (a) shows the directivity
pattern at 28 GHz with maximum directivity of 2.28 dBi and the total efficiency is 93 %. While
Fig. 12 (b) shows the directivity pattern at 60 GHz with maximum directivity of 3.414 dBi and
the total efficiency is 97.5%.
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Fig 12. Simulated directivity patterns at a) 28 GHz with maximum directivity 2.28 dBi and at b) 60 GHz
with maximum directivity 3.414 dBi.



V. CONCLUSION

In this paper, a monopole microstrip antenna with partial ground plane is designed and

simulated. The lower band centered at 28.24 GHz with bandwidth of 1.44 GHz (5.1%). The
upper band centered at 64.76 GHz with broad bandwidth suitable for WiGig of about 39.24 GHz

(60

.6%). The antenna radiation pattern is omnidirectional with maximum directivity of 2.28dBi

and 3.414 dBi at 28 GHz and 60 GHz respectively. The total efficiency at 28 GHz and 60 GHz
exceeds 93%. The simulation is carried out using FIT and FEM and good agreement between the
two methods is obtained.
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